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§23. Charging and Growing Processes of 
Grains in Dusty Plasmas 
Watanabe, K., Ishiguro, S., Sato, T. 
The charging and growing processes of the 
dust particles (grains) have been studied by 
means of the newly developed particle sin1ula-
tion code. Our final goal is to clarify the phys-
ical Inechanisrl1 of the ordered structure fornla-
tion such as the rotating radial spokes of the 
Saturn's rings, from a viewpoint of the "Self-
organization" . 
The grains have been generally considered 
to be charged negative because electrons of the 
background plaslna attach to the grains n10re 
frequently than ions due to the difference of the 
thennal velocity. However, when the secondary 
electron erl1ission effect fronl grains is taken into 
account, the electric potential of dust grains can 
becOlne positive. Under the suitable conditions, 
the grain charge changes from negative to pos-
itive or positive to negative in the way of "flip-
flop" . 
In the present study, we are taking into ac-
count the attachment of background electrons 
and ions to the grains, and the secondary elec-
tron erl1ission from the grains when the high en-
ergy electron collides. Then, the grains can be 
charged both negatively and positively, so that 
oppositely charged grains are rnaking a coagu-
lation. The change of the charge, mass and size 
of the grains as a result of the coagulation be-
tv~reen the grains of opposite charge are also con-
sidered. \ /Ve executed the simulation runs under 
the vaious parameters of the electron tempera-
ture and the density of the background plasnla 
as well as the various size of grains. 
The simulation results show that the grains 
change their charge in the way of flip-flop when 
the appropriate background ten1perature, den-
sity, and the grain size are chosen, and are at-
tracting one another to grow. The feature of the 
grain charging is shown in Fig. 1 for the grain 
size (horizontal axis) and the electron temper-
ature of the background plasma (vertical axis). 
The case \vhen the grains show a flip-flop charg-
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ing is indicated by the asterisk, and the cases 
'when all the grains are charged negatively or 
positively are indicated by the triangle and the 
circle, respectively. One can easily see that 
all the grains are negatively charged when the 
grain size is small. This is because the prob-
ability of the electron collision with grains is 
sIn all , and thus, the second electron emission 
seldOln occurs. On the contrary, all the grains 
are positively charged when the grain size is 
large enough, because nlany electrons collide 
the grains, and lnany high energy electrons are 
included in such colliding ones. 
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Fig. 1 : The grain charging under the van-
ous grain size and background electron temper-
ature. (asterisk:flip-flop, triangle:negative, cir-
cle:positive) 
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